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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS - TEST METHODS -

Part 1-1: Power and gain parameters —
Optical spectrum analyzer method

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardi tlon cemprising
all national electrotechnical committees (IEC National Committees). The objectN of promote
interhational co-operation on all questions concerning standardization in the eleg{fi elds. To
this end and in addition to other activities, IEC publishes International Standard iffcations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (herea hs “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; ary interested
in tHe subject dealt with may participate in this preparatory work. In hd non-
govgrnmental organizations liaising with the IEC also part|C|pate in Ahi closely
with [the International Organization for Standardization (ISO) i ined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matté arIy as, possible, an |ntennat|ona|
conslensus of opinion on the relevant subjects since eac from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recompiendati National
Compmittees in that sense. While all reasonable t of IEC
Publ|cations is accurate, for any
misifterpretation by any end user.

4) In ogder to promote international uniformit C i € ittees undertake to apply IEC Publications
trangparently to the maximum_extent possy hei ationa!” and regional publications. Any divergence
betwjeen any IEC Publicatiog regional publication shall be clearly ind{cated in
the Iatter.

5) IEC nformity
ass for any
services carried

6) All ugers should e

7) Nol erts and
members of its t mage or
othe damage of es) and
expegnses apsing. ot ofcth her IEC
Publ]cations

8) Attention is ications is
indispe

9) Attenption is dra e possibility that some of the elements of this IEC Publication may be the siybject of
patept rights=~tEC>s not be held responsible for identifying any or all such patent rights.

Interndtional Standard IEC 61290-1-1 has been prepared by subcommittee 86C: Fibrg optic

syste ; —Fibre optics:

This third edition cancels and replaces the second edition published in 2006 and constitutes a

technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) updates on the characteristics of measurement apparatus;
b) revised list of addressed optical amplifier parameters.
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The text of this standard is based on the following documents:

FDIS Report on voting
86C/1309/FDIS 86C/1328/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

jfiers —

d until
the stability date indicated on the IEC website under "htip: ec.ch\/i e data
related to the specific publication. At this date, the publicafiQ i

e recpnfirmed,
e withdrawn,
e replaced by a revised edition, or

e ampgnded.

A bilingual version of this publication ater date

1 The first editions of some of these parts were published under the general title Optical fibre amplifiers — Basic
specification or Optical amplifier test methods.
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OPTICAL AMPLIFIERS - TEST METHODS -

Part 1-1: Power and gain parameters —
Optical spectrum analyzer method

sed on

1 Scope

This par—eo a i i } ifi s) and
optically amplified es. It app

either fare-earth doped fibres or on the Raman effect), semiconductor

opticallwaveguide amplifiers (POWAs).

The object of this standard is to establish uniform requireme

planar

eliable

measufements, by means of the optical spectrum analyzer tes f ollowing OA

parameters, as defined in IEC 61291-1:

inal output signal power;

imum output signal power;

imum total output power.

he IEG 61290-10 series [1]2.

IEC 61]291%1) Optical’amplifiers - Part 1: Generic specification

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61291-1 apply.

3.2 Abbreviations

ASE amplified spontaneous emission

DBR distributed Bragg reflector (laser diode)
DFB distributed feed-back (laser diode)

2 Numbers in square brackets refer to the Bibliography

Il numerical values followed by (f) are sugva Mes ¥hich the measurement is assured.
j i jcally~ dirgeted to single-channel amplifier.

For

part, are normatively referenced in this documgnt and
“For dated references, only the edition cited appli¢s. For
edition of the referenced document (including any
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ECL external cavity laser (diode)
LED light emitting diode
OA optical amplifier

OFA optical fibre amplifier
POWA planar optical waveguide amplifier

SOA semiconductor optical amplifier

4 Apparatus

H il 4 + : . . = 4
A d|ag daltt Ul i TedsurciTiciit sS=uUp 15 Jiverlt 1 rigurc 1.

Optical J1 Polarization (\ tica
source dB —— controller L power

(optional) mete
Variable
optical
attenuator
IEC
@Q—C ligratio
) N ) J2 )
Optical Optical
source D spectrum
analyzer

IEC
signal power measurement

J2
-/Polarization Opticgl
controller DD DD—E spectrym

(optional) analyz

Dptical
ource

14
=

OA

under test
IEC

Figure 1c — Output power measurement

Figure 1 — Typical arrangement of the optical spectrum
analyzer test apparatus for gain and power measurements

The test equipment listed below, with the required characteristics, is needed.

a) optical source:
The optical source shall be either at fixed wavelength or wavelength-tuneable.

— fixed-wavelength optical source: This optical source shall generate a light with a
wavelength and optical power specified in the relevant detail specification. Unless
otherwise specified, the optical source shall emit a continuous wave with the full width
at half maximum of the spectrum narrower than 1 nm (f). A distributed feed-back (DFB)
laser, a distributed Bragg reflector (DBR) laser, an external cavity laser (ECL) diode
and a light emitting diode (LED) with a narrow-band filter are applicable, for example.
The suppression ratio for the side modes for the DFB laser, the DBR laser or the ECL


https://iecnorm.com/api/?name=fa5adf84b2ce7e0b79653009ce97d4ce

IEC 61290-1-1:2015 © IEC 2015 -7-

9)

shall be higher than 30 dB (). The output power fluctuation shall be less than 0,05 dB
(¥), which may be better attainable with an optical isolator at the output port of the
optical source. Spectral broadening at the foot of the lasing spectrum shall be minimal
for laser sources and the ratio of the source power to total spontaneous emission
power of the laser shall be more than 30 dB;

— wavelength-tuneable optical source: This optical source shall be able to generate a

wavelength-tunable light within the range specified in the relevant detail specification.

Its optical power shall be specified in the relevant detail specification. Unless

otherwise specified, the optical source shall emit a continuous wave with the full width

at half maximum of the spectrum narrower than 1 nm (f). An ECL or an LED with a

narrow bandpass optical filter is applicable, for example. The suppression ratlo of side
Il be hi

be less than 0,05 dB, which may be more easily attalnable with optical isolator at
the output port of the optical source. Spectral broadening at S lasing
spectrum shall be minimal for the ECL. Spectral broadening & f lasing

- o total

range

power
B, and
esired
ement.
+0,5 dB.
wavelength me : ~ i +0, . id range
eeding the mea i Q. . [ hall be

al or bette a
ical isolat
i i griation

r than
port;

iB (1),
ch port;

ization
.6 : 1sist of
a Ilnear polarlzer followed by an all-fibre- type polarlzat|on controller or by a linear
polarizer followed by a quarter-wave plate rotatable by minimum of 90°, and a half wave
plate rotatable by minimum of 180°. The loss variation of the polarization controller shall
be less than 0,2 dB (%). The reflectance from this device shall be smaller than —40 dB (1)
at each port. The use of a polarization controller is considered optional, except for the
measurement of polarization dependent gain, but may also be necessary to achieve the
desired uncertainty of other power and gain parameters for OA devices exhibiting
significant polarization dependent gain;

optical fibre jumpers:

The mode field diameter of the optical fibre jumpers used shall be as close as possible to
that of fibres used as input and output ports of the OA. The reflectance from this device
shall be smaller than —40 dB (f) at each port, and the length of the jumper shall be shorter
than 2 m;
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Standard optical fibres type B1 as defined in IEC 60793-2-50 [2] are recommended.
However, other fibre types may be used as input/output fibre. In this case, type of fibre will

be

considered.

h) optical connectors, J1 and J2:

The connection loss repeatability shall be better than +0,2 dB.

5 Test sample

The OA under test shall operate at nominal operating conditions. If the OA is likely to cause
laser oscillations due to unwanted reflections, optical isolators shall be used to bracket the

OA un

For me

of poldrization of the input light during the measurement. Changes

the ing

dependency expected from all the optical components used

errors.

6 Pr

The pr

a) Ga
Thi
sig
(AS
bel

1)

asurements of the parameters of Clause 1, care shall be taken i

ut light may result in input optical power changes because

ocedure

bcedure is as follows:

hal power, P;,, the OA output pg [ e OA amplified spontaneous en
easurement procedures des

ength specified in the relevant
he variable optical attenuator in a

measure P, by adjusting the polarization controller until a minimum P, is ag

ertest This will minimize the sianal instabilitv and the measurement uncertaint\y
g Y P4

e state
tate of
ization
rement

A\ input
hission
cribed

detail
way to

te the

ding to

hieved

and ranaeat stan 5)
SHG—+8p-8aHSt8P—o)-

Various techniques for Ppgg measurements are applicable. One technique makes use of
an interpolation procedure to evaluate the ASE level at the signal wavelength by
measuring the ASE level at wavelength offset to both side of signal wavelength on the
optical spectrum analyzer display. Another technique employs a polarizer, placed between
the variable optical attenuator and the OA under test, to eliminate the signal component
from the OA output to measure the ASE level without being affected by the amplified
signal spectrum. In the latter case, the input optical signal shall be linearly polarized with
an extinction ratio better than 30 dB (f), and P, shall be calculated as an averaged value
overall the polarization states. If the polarizer technique cannot sufficiently eliminate the
signal power, the interpolation technique can be used in addition to the polarizer technique.

Optical connectors J1 and J2 shall not be removed during the measurement to avoid
measurement errors due to re-connection.

b) Polarization-dependent gain variation:
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d)

As in a), but use a polarization controller between the variable optical attenuator and the
connector J1 (see Figure 1), repeat all procedures at different states of polarization as
specified in the relevant detail specification, and replace procedure 1) with the following:

1) set the optical source to the test wavelength specified in the relevant detail specification.
Set the polarization controller at a given state of polarization as specified in the relevant
detail specification. Set the optical source and the variable optical attenuator in a way to
provide, at the input port of the OA, the optical power P;, specified in the relevant detail
specification.

Maximum output signal power:

As in a), but this parameter is determined by repeating all steps at different wavelengths
specified in detailed specification, and replace steps 1), 4), and 6) with the following:

1) [set the wavelength-tuneable optical source at the test wavelength specifiéd)|in the
relevant detail specification. Set the optical source and the variab ica nuator
in a way to provide, at the input port of the OA, the maxim i cal [ power
Pin max SPecified in the relevant detail specification;

4) |activate OA and adjust the maximum pump power or OA to
the nominal condition as specified in the relevant deta en the OA
under test is integrated with control circuitry, th nstant

pump power mode or constant pump current mode t+ with the joptical

6) [measure maximum output signal power b sti ization controller|until a

Maximum total output power:
SaIwe procedure as for c).

The state of polarization of the input s \ shanged after each measurement of
Pi| Poyt @nd Ppgg by m Y ariati gntroller, so that substantially fall the

stajes of polarization,\(n prp¢i Are i launched into the input port of the OA
under test.
The pclarization@ 5 d“as specified in the relevant detail specifications.
A posdible way, e i i polarizer followed by a quarter-wave rotatable p|ate, is
the following: the kine i adjlsted so that the OA output power is maximized; the
quartef-wave plate is\tf atated by’a minimum of 90° step-by-step. At each step, the half-

wave plate is‘rotate > imum of 180° step-by-step. Another possible way is to[ select
four known and spegifiad sta of polarization to allow matrix calculation of the regsulting

polarizagiondependent gai

A shor i er af jhe OA input, kept as straight as possible, shall be used, in ofrder to
minimig of the state of polarization induced in it by possible stregs and
anisotnopy;

The pqlarization-dependent loss variation of the optical connector shall be less than |0,2 dB
().

7 Calculation

The calculations shall be made as follows:

a)

Nominal output signal power:
The nominal output signal power Pg;q_o,t-nom (in dBm) shall be calculated as:

P =10 |Og (POUt - PASE) + Lbj (dBm)

sig-out-nom
where

out is the recorded absolute value of output optical signal power (in mW);
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b)

d)

Ppsg

NOTE 1

-10 - IEC 61290-1-1:2015 © IEC 2015

is the recorded absolute value of output ASE power through the optical bandpass
filter (in mW);

is the insertion loss of the fibre jumper placed between the OA and the optical
power meter (in dB).

The measurement error can be better than 1,5 dB (f), depending on the optical spectrum analyzer

uncertainty.

Gain:

The gain G at the signal wavelength shall be calculated as:

G = (Pout— Pasge)! Pin (linear units)
or

G=10 |Og [(POUt_ PASE)/ Pln]
NOTE 2 The small-signal regime is the range of input signal power s(fficien 3 S t IA under
test|operates in the linear regime. This regime can be established by plotting G Ve $ i I regime

demands P, to be in the range where the gain is quite independsg
fron} —30 dBm to —40 dBm generally is well within this range.

ranging

NOTE 3 The measurement error can be better than +1,5 dB ( nding<on the\optical spectrum pnalyzer
uncertainty, mainly in terms of its polarization dependency! If linearly¢polgrizedNight (i.e. light generated by a
lasgr) and a polarization controller are used, the meaSuke ¢ can ke much reduced by adjusting the
statp of polarization of the input signal to the t i m analyzer always indicptes the
minjmum (or maximum) signal power in e& { . ahd, an LED and a monochromator
can e analyzer error to £0,2 dB, since LEDs emit
unpplarized light. However, it is to be noted tha t er levetobtainable from such a source|is much

lowgr than that of a laser.

Polarization-dependent g

Calculate the gain valyes s } es 0Of polarization, as in 7, point b) above.
Ideptify the maxim ] ninimum, /G, 9ain as the highest and the loyest of
all these gain values, xespacti . polarization-dependent gain variation AG, shall be
cal

NOT
fact

culated as@:

G (dB)

max-pol — “'min-pol

indicate the possible maximum variation of the polarization dependency. In
polarization inside the OA depends on temperature and other parameters,

and OA under test is maximum only when each input state of polarization
sim efds, maxirqum attenuation for each component in the OA under test.
NOT efit error can be better than +1 dB (%), depending on the optical spectrum gnalyzer
unc
Malximum outputsignal power:
Th —
Psig-out-max = Pout-max - PASE (”near units)
Psig-out-max =10 log (Pout-max - PASE) (dBm)
where

Pout-max S the recorded absolute maximum value of output optical power (in mW);

Maximum total output power:
The maximum total output power P ;_ax (in dBm) shall be calculated as:

where

P = 10 log (P out-max) (dBm)

out-max
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